Abstract Subtypes are an established prognostic factor of BC in western population but its significance in Indian BC patients has not been evaluated. Thus this study provides an insight into the prognostic significance of molecular classification and its effect on the survival of BC patients in Eastern India. In this hospital based study 242 BC patients attending a Comprehensive Breast Service Clinic of a reputed institute in Eastern India and having IDC were studied over a period of This study provided some idea about the pattern of BC on the basis of classification by molecular profiling. Our study indicated that Triple negative and nonluminal HER-2-positive tumors have reduced DFS and OS compared with luminal 1 and 2 subtypes. In our patients, Triple negative and nonluminal HER-2-positive tumors were associated with established unfavorable prognostic indicators and this reflects the data in the western literature. The results suggest that the molecular subtypes are an independent prognostic and predictive marker in Indian BC patients. Whether or not molecular subtyping of breast cancer can replace axillary lymph nodes as the standard in prognosis remains to be seen, but if molecular subtyping can provide more information than the axilla about the prognosis and treatment option, it may well be the future of prognostication.
Introduction
Breast cancer (BC) is the commonest cancer in Indian women as well as in the United States of America [1] . The prognosis of breast cancer depends on various biological as well as epidemiological factors [2, 3] . It thus becomes important, to know about the nature of the disease, so as to ensure optimum adjuvant therapy and to predict the course of the disease [4] . Various prognostic and predictive markers are associated with survival of BC [1, 2, 5] . BC is a molecularly heterogeneous disease and several classification systems exist to explain its presentation, progression and prognosis [6, 7] . The Subtypes grossly divide this disease in four groups [3, 8, 9] .
These subtypes have some role in predicting outcome in B.C. patients in the western population. But data is scarce in the Indian population regarding the prognostic role of the subtypes. Survival of BC has always been influenced by some clinicopathological factors such as menopausal status, stage of the disease, histological grade, tumor size, lymph node metastasis, Nottingham Prognostic Index (NPI), Estrogen Receptor (ER), Progesterone Receptor (PR) and human epidermal growth factor receptor 2 (HER2) status. Recently, outcome has been shown to depend upon the choice of adjuvant systematic therapy, which is in turn based on those clinicopathological parameters. Subtypes can be classified by either immunohistochemistry (IHC) [8] [9] [10] [11] or genetic array testing [1, 12, 13] . These Subtypes are different in nature [14] [15] [16] , have different risk factors [17, 18] , need different therapeutic treatment [19] [20] [21] [22] [23] and are different with respect to overall survival (OS), disease-free survival (DFS) and relapse [3, 24] . Though there are various prognostic markers, no single marker has been proved conclusively to be the best. Evaluation of ER, PR and HER2 expression by IHC were routinely performed in breast carcinomas which were used to guide management. Several studies have shown the relationship between IHC markers and responsiveness to adjuvant treatment [25] [26] [27] . The only predictive markers associated with targeted therapy are the ER and HER2. Approximately 15 % of patients with BC who have tumors over expressing HER2 are treated with a combination of Trastuzumab (T) (a monoclonal antibody targeting HER2), and adjuvant chemotherapy in western population [28] . The use of adjuvant systemic therapy has contributed to a recent decrease in BC mortality. Triple negative BC patients did not derive any benefit from molecularly targeted treatments such as endocrine therapy or Trastuzumab [29] . When patients with hormone receptor-positive tumors were treated with adjuvant Hormone therapy (HT), their risk for the composite outcome of recurrence or death was reduced by more than 30 % [30] . However, many patients with lymph node-positive, ERpositive breast tumors gain minimal benefit from adjuvant chemotherapy [31] . The prognosis and management of BC has always been influenced by the classic variables such as histological type, grade, lymph node involvement, ER, PR and HER2 of the tumor [1, 32] . In this study, we have examined whether subtypes influence the prognosis in BC. We have correlated subtypes with clinical pathological parameters, survival and treatment of adjuvant therapy. This study aims to validate the role of subtypes as a prognostic and predictive marker in patients with BC in Indian subcontinent.
Materials and Methods
In this study 242 BC patients with invasive ductal carcinoma (IDC), who attended the Comprehensive Breast Service Clinic in IPGME&R and SSKM Hospital, Kolkata, India from January, 2007 to October, 2008 were included, and were followed up for a period of 5 years (October 2013). All BC patients were diagnosed by clinical examination, imaging and fine needle aspiration cytology (FNAC). All patients underwent surgery (with negative margins), received neoadjuvant and/or adjuvant chemotherapy and were followed up for a period of 5 years (60 months). All patients with IDC attending the clinic were included in the study, and patients who either did not receive complete treatment or were lost to follow up were excluded. Relapse was defined as the time from diagnosis to the development of first evidence of clinical or radiographic metastatic disease. Data was collected from each BC patient, and information about their age, menopausal status, stage of the carcinoma, grade, tumor size, lymph node involvement, NPI, ER, PR, HER2, date and location of recurrence, date of death and length of survival was entered in a proforma.
NPI values are calculated on the basis of the formula as [33] All patients were treated with standard therapeutic protocols like surgery followed by Hormone therapy (HT)/chemotherapy (CT)/radiotherapy (RT) as appropriate. All patients were admitted in the hospital and received HT/chemotherapy under our direct supervision.
The most common regime used for intravenous chemotherapy was the FAC regime. It consisted of Inj. 5 FLURO-URACIL 600 mg/m2, Inj. ADRIAMYCIN (Doxorubicin) 60 mg/m2 and Inj. CYCLOPHOSPHAMIDE 600 mg/m2 per cycle. Total 6 cycles of chemotherapy was given with a gap of 3 weeks between 2 cycles.
The hormone therapy commonly used along with chemotherapy was TAMOXIFEN 20 mg/day for 5 years if the patient was pre-menopausal, ER/PR positive and HER2 negative (Luminal 1); if the patient was post-menopausal then LETROZOLE 2.5 mg/daily was given for 5 years, instead of tamoxifen.
The ER, PR and HER2 positive (Luminal 2) group of patients received both FAC regime and HT. Some of the HER's-2/neu positive patients, who could afford it, received Trastuzumab (T) 4 mg/kg body weight (FAC+ HT+ T) concurrently with the initiation of chemotherapy.
Some Triple negative patients received TAC regime but due to economical constraints most of the patients received chemotherapy with FAC. TAC regime consisted of Inj. PACLITAXEL 175 mg/m2, Inj. DOXORUBICIN 50 mg/m2 and Inj. CYCLOPHOSPHAMIDE 500 mg/m2 per cycle.
Majority of the patients belonging to the nonluminal HER-2-positive only group received FAC/TAC as they could not afford the cost of treatment with trastuzumab. Those who could afford the cost of treatment received trastuzumab as mentioned above.
After completion of treatment, follow-up was conducted at 2-month interval for 1st year and at 3-month intervals from 1 to 5 years, and at 6-month intervals thereafter. The time period from the date of surgery to date of death from any cause was considered as the overall survival and to the date of recurrence of disease was considered as the disease free survival. During follow up, at every visit, clinical examination was done & a detailed history was taken. Routine blood & liver function tests (LFT) were done every 6 months. X-ray chest and USG of the whole abdomen was done annually. If symptoms suggestive of cerebral/skeletal metastases were present, then CT scan of brain/whole body bone scan was done with in the 5-year follow up period.
Histology and Immunohistochemistry
Breast carcinoma tumors were fixed in 10 % neutral-buffered formalin for 24 h, and the tumor size was measured. The tumor was then embedded in paraffin, sectioned, following which the lymph nodal status and grade was determined. For immunohistochemistry, paraffin sections of tumors were deparaffinized and hydrated by successive washes with xylene, 100, 70, 50 % ethanol for 5 min each. Antigen retrieval buffer accomplished with diluted antigen retrieval buffer and dipped with TRIS buffer. Peroxidase was blocked with 3 % hydrogen peroxide. Subsequently, slides were washed in TRIS buffer, incubated with 10 % normal animal serum followed by the primary antibody (rabbit anti-ER antibody or rabbit anti-PR antibody or rabbit anti-c-erbB2; HER-2/neu) and incubated 45 min at RT. The slides were then incubated with biotinylated secondary antibody for 45 min, followed by DAB Chromogen (followed Lica kit). Counterstaining was done with hematoxylin. Sections were dehydrated by washing sequentially with 70 % ethanol, 100 % ethanol, and xylene.
Cover slips were mounted on slides using Paramount. Digital images of stained and unstained cells were obtained using an Olympus microscope equipped with a SPOT digital camera.
Statistical Analysis
The information of the patients under study was summarized using descriptive statistical methods. The period from the date of surgery to date of last contact was considered as the period of survival. The degree of association was measured using chi-square test and the difference in the proportions was tested using the test of proportions. The Kaplan-Meier survival analyses were carried out for overall survival and disease free survival. The Kaplan-Meier method followed by log-rank test was used to compare the survival patterns of different molecular sub-types. The p-value of ≤0.05 was considered as statistically significant. All the statistical calculations and the corresponding p-values were calculated with the help of Epi Info (TM) 3.
EPI INFO is a trademark of the Centers for Disease Control and Prevention (CDC).

Results and Analysis
Among the 242 breast tumors, 63 (26.03 %) were classified as luminal 1, 10 (4.13 %) as luminal 2, 113 (46.69 %) as triple negative and 56 (23.14 %) as nonluminal HER-2-positive. Difference in clinicopathological characteristics between the four subtypes are presented in Table 1 . Mean age of 242 patients was 54.61±8.16 years. The median age of the patients was 53 years. The median follow-up was 52 months. No statistical significance was found amongst the four subtypes with regards to menopausal status (p=0.144), tumor size (p=0.067) or grade of the tumor (p=0.322).
In Table 1 , among the patients with Luminal 1 subtype, 5 (7.9 %) were stage I, 9(14.3 %) were stage II, 42(66.7 %) were stage III and 7(11.1 %) were stage IV. In In Luminal 1 tumors, 11(17.5 %) patients had node negative disease whereas 22(34.9 %) patients had 1-3, 27(42.9 %) patients had 4-9 and 3(4.8 %) patients had >10 metastatic lymph nodes. In Luminal 2 tumors, no patients had node negative disease whereas 3(30.0 %) patients had 1-3, 4(40.0 %) patients had 4-9 and 3(30.0 %) patients had >10 metastatic lymph nodes. In Triple negative tumors, 12(10.6 %) patients had node negative disease whereas 31(27.4 %) patients had 1-3, 49(43.4 %) patients had 4-9 and 21(18.6 %) patients had >10 metastatic lymph nodes. In nonluminal HER-2-positive tumors, 2(3.6 %) had node negative disease whereas 12(21.4 %) patients had 1-3, 25(44.6 %) patients had 4-9 and 17(30.45) patients had >10 metastatic lymph nodes. The statistical significant association was found between lymph node metastasis and subtypes (p<0.001).
In Luminal 1 tumors, 33(52.4 %) patients had a NPI <5.4, whereas 30(47.6 %) patients had a NPI ≥5.4. In Luminal 2 tumors, 6(60.0 %) patients had a NPI <5.4, whereas 4(40.0 %) patients had a NPI ≥5.4. In Triple negative tumors, 7(6.2 %) patients had a NPI <5.4, whereas 106(93.8 %) patients had a NPI ≥5.4. In nonluminal HER-2-positive tumors, 9(16.1 %) patients had a NPI <5.4, whereas 47(83.9 %) patients had a NPI ≥5.4. So most of the patients (n=106, 93.8 %) of Triple negative group showed a NPI≥5.4 and this association was statistically significant (p<0.001).
As per In the luminal 2 group, 1 patient (_10.0 %) received NACT, whereas 7 patients (70 %) and 3 patients (30 %) received adjuvant chemotherapy with HT+FAC and HT+FAC+ Trastuzumab respectively. In the Triple negative group, 86 patients (76.1 %) received NACT, whereas 79 patients (69.9 %) and 34 patients (30.1 %) received adjuvant chemotherapy with FAC and TAC respectively. In nonluminal HER-2-positive patients, 24 patients (42.9 %) received NACT, whereas 49 patients (87.5 %), 1 patient (1.8 %) and 6 patients (10.7 %) received adjuvant chemotherapy with FAC, TAC and TAC+trastuzumab respectively. Figures 3, 4 and 5 showed that ER PR and HER2 positive stain tumor respectively by IHC method.
Discussion
The data presented here shows that Subtypes of breast cancer indicates the prognosis of the disease. Debarshi Jana et al. found that premenopausal women had better 5-year survival compared to postmenopausal women [1] . This difference was however not significant in this study when BC was classified according to the molecular profile.
Various reports have suggested that 5-year survival in BC is influenced by tumor size, histological grade, stage of the disease and lymph node involvement [34, 35] . In this study, Luminal 1 and Luminal 2 tumors were associated with favorable prognostic indicators like early stage of disease, absence of metastatic lymph nodes and a NPI<5.4. On the other hand Triple negative and nonluminal HER-2-positive tumors were associated with unfavorable indicators like advanced stage of disease, metastatic lymph nodes and a NPI≥5.4. This difference between the different subtypes was statistically significant.
Christine Desmedt et al. [32] suggested that the gene expression modules associated with key biological processes in BC tumorigenesis such as proliferation, tumor invasion, immune response, angiogenesis and apoptosis act via estrogen and HER2 signaling. The prognostic significance of Subtypes in BC has been described in several reports [7, 8, 36, 37] .
Approximately 15 % of BC patients are Triple negative and are associated with poor overall outcome [8, 36, 38] . Triple Table 2 Five years survival and treatment according subtypes negative subtype has been associated with high risk factors, aggressiveness, worse clinical outcomes, lack of HT and shortens OS and DFS [4-6, 39, 40] . We found that nonluminal HER-2-positive and triple negative subtypes were associated with a poor 5-year survival and disease free survival compared to the luminal subtypes 1 and 2.
Luminal 1 tumors have a better prognostic outcome than Triple negative and nonluminal HER-2-positive groups [39] . Luminal groups are associated with low risk of relapse [3] where as nonluminal HER-2-positive and Triple negative tumors are associated with high risk of relapse. Like western data we observed that high relapse risk was found in Triple negative and nonluminal HER-2-positive tumors compare to luminal groups. This study demonstrates overwhelming presence of Triple negative group (46.69 %) in study population in comparison to luminal 1 group, which is more prevalent in the western population [23] . This increased prevalence could be explained by the differential expression of several genes & their regulators specific for the population of Asian subcontinent [1, 3, 34] .
Andre Albergaria et al. found that NPI is a good predictor of survival in BC [41] . NPI is a reliable index to predict overall survival of BC patients. NPI<5.4 is associated with good prognosis (about 70 % survival over 5 years) while NPI≥5.4 has less than 50 % 5 year survival rate. We saw that nonluminal HER-2-positive and Triple negative subtypes more frequently have a NPI value≥5.4 than luminal subtypes.
TAC+T regime and FAC+HT+T regime are 13 and 10 times, respectively, costlier than the FAC regime. As a result, very few patients are able to afford trastuzumab.
After an extensive search of western literature, little data was found on the relation between the subtypes and the DFS & OS in Indian women. This study is unique as it has correlated the different subtypes with the DFS and OS as the end points. Figure 1 shows the Kaplan-Meier survival curve (DFS) for different subtypes. Luminal 1 has the best DFS, followed by luminal 2, Triple negative. Nonluminal HER-2-positive type show worst DFS. Figure 2 shows Kaplan-Meier survival curve (OS) of different subtypes shows. It shows a similar sequence like that of DFS.
This establishes nonluminal HER-2-positive type as the worst prognostic type in Indian women. This is contradictory to western data where Triple negative group is the worst prognostic type. The initial data of this study, excluding DFS & OS, indicated that Triple negative was the worst prognostic subtype, as the Triple negative group correlated with advanced stage of disease, metastatic lymph nodes and a NPI ≥5.4 which are accepted indicators of poor outcome. But when DFS & OS was calculated, the worst prognosis was seen in the nonluminal HER-2-positive group in the 5 years of follow-up. Probable explanation of this fact could be inability to administrate trastuzumab is most of the patients in nonluminal HER-2-positive disease because of economic constraints leading to reduced OS and DFS.
Conclusion
Being one of the pioneer studies on BC survival in eastern India, this study provided some idea about the pattern of survival of BC as the basis of Subtypes. Our study indicated that Triple negative and nonluminal HER-2-positive tumors have reduced DFS and OS compared with luminal 1 and 2 subtypes. Triple negative and nonluminal HER-2-positive tumors were significantly associated with advanced stage of disease, higher number of metastatic lymph nodes and a higher NPI, all of which are predictive of a poor outcome. This reflects the data in the western literature, and it may be thus said that nonluminal HER-2-positive and triple negative tumors are associated with poor prognosis in female BC in the Indian population. But, unlike western data, nonluminal HER-2-positive type showed the worst DFS & OS compared to the other subtypes, in spite of a better biological profile. This is due to the inadequate use of trastuzumab, mainly due to financial constraints, in nonluminal HER-2-positive group leading to an aggressive disease course. Trastuzumab should be used in all nonluminal HER-2-positive patients in order to dampen its biological aggressiveness & to improve the overall survival. Similarly, the triple negative group of tumors is also associated with adverse outcomes, and this is made worse by the absence of any targeted therapeutic agents for this group at this point in time. Our overall results would suggest that subtypes are an independent prognostic and predictive marker for survival of Indian BC patients.
Whether the subtypes of breast cancer will replace axillary lymph nodal staging as a prognostic marker remains to be seen, but considering the fact that each of the subtypes represent a different prognostic group, with implications in targeted therapy, this may not be impossible in the foreseeable future. Prevention of the morbidity associated with axillary lymph node dissection (ALND) with the use of sentinel lymph node biopsy (SLNB) is now the gold standard in the management of the axilla. If subtype is able to provide the prognostic information which is usually obtained from the axilla by either ALND or SLNB, added with the information that it provides about possible therapeutic targets, Subtypes may well be the future standard in prognostication.
